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Background: Previous studies have observed that infectious intestinal disease (IID) related hospital ad- 
missions are higher in more deprived neighbourhoods. These studies have mainly focused on paediatric 
populations and are cross-sectional in nature. This study examines recent trends in emergency IID admis- 
sion rates, and uses longitudinal methods to investigate the effects of unemployment (as a time varying 
measure of neighbourhood deprivation) and other socio-demographic characteristics on IID admissions 
for adults and children in England. 
Methods: A longitudinal ecological analysis was performed using Hospital Episode Statistics on emer- 
gency hospitalisations for IID, collected over the time period 2012–17 across England. Analysis was con- 
ducted at the neighbourhood (Lower-layer Super Output Area) level for three age groups (0–14; 15–64; 
65 + years). Mixed-effect Poisson regression models were used to assess the relationship between trends 
in neighbourhood unemployment and emergency IID admission rates, whilst controlling for measures of 
primary and secondary care access, underlying morbidity and the ethnic composition of each neighbour- 
hood. 
Results: From 2012–17, declining trends in emergency IID admission rates were observed for children 
and older adults overall, while rates increased for some sub-groups in the population. Each 1 percentage 
point increase in unemployment was associated with a 6.3, 2.4 and 4% increase in the rate of IID ad- 
missions per year for children [IRR = 1.06, 95%CI 1.06–1.07], adults [IRR = 1.02, 95%CI 1.02–1.03] and older 
adults [IRR = 1.04, 95%CI 1.036–1.043], respectively. Increases in poor primary care access, the percentage 
of people from a Pakistani ethnic background, and the prevalence of long-term health problems, in a 
neighbourhood, were also associated with increases in IID admission rates. 
Conclusions: Increasing trends in neighbourhood deprivation, as measured by unemployment, were as- 
sociated with increases in emergency IID admission rates for children and adults in England, despite 
controlling for measures of healthcare access, underlying morbidity and ethnicity. Research is needed to 
improve understanding of the mechanisms that explain these inequalities, so that effective policies can 
be developed to reduce the higher emergency IID admission rates experienced by more disadvantaged 
communities. 
© 2020 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Infectious intestinal disease (IID) is very common, with around
5% of the UK population experiencing an episode each year. 1 Ad-
erse consequences often include incapacitation and sickness ab-
ence, 2 and hospitalisation in the most severe cases. In England,n Association. This is an open access article under the CC BY license 
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(there were over 115,0 0 0 emergency admissions for IID in 2016/17. 3 
These admissions incur substantial costs for the National Health
Service (NHS), 4 as well as various costs for patients and families
in terms of the disruption caused, work time lost and absences
from school. 5 , 6 Given that most hospitalisations for acute gastroen-
teritis are considered to be preventable with effective manage-
ment, 7 emergency hospital admissions for IID may represent ex-
pensive, yet potentially avoidable costs. Research is needed to ex-
amine changing trends in IID-related emergency admission rates,
and to gain a better understanding of the factors which predict
these admissions and the groups of people most likely to be af-
fected. 
Investigating the relationship between deprivation and hospi-
talisation rates for IID is of particular interest, since the associ-
ation between deprivation and IID incidence appears to vary de-
pending on the methods used to identify cases. 8 One of our pre-
vious studies which analysed population-based survey data found
that socially disadvantaged people in the UK have a lower risk
of acquiring an IID in the community. 9 In contrast, our study of
calls to a free-phone NHS telephone advice service found higher
call rates for gastrointestinal symptoms from more disadvantaged
neighbourhoods. 10 These seemingly conflicting findings could po-
tentially relate to differences in healthcare utilisation 11 and/or dis-
ease severity 12 by social group. 
Hospitalisation is in itself a severe consequence of having an
IID, and a small number of UK-based studies have found that those
living in more deprived areas compared to more affluent are more
likely to be admitted to hospital with an IID 13 , 14 , 15 or dehydra-
tion/gastroenteritis. 16 These studies have, however, all been cross-
sectional in nature and few have adequately controlled for poten-
tial confounding variables. For example, none has investigated the
potential confounding effects of ethnicity on the relationship be-
tween deprivation and hospitalisation for IID. 
Additionally, despite the importance of age as a risk factor for
IID, very little is known about the modifying effect of age on
the relationship between deprivation and emergency hospitalisa-
tion for IID. Previous cross-sectional studies have predominantly
focused on children, 13 , 15 or those of all ages combined, 16 and only
one study has presented results stratified by age. 14 This latter
study did not control for potential confounding variables, and data
were collected over twenty years ago (1990–5) preceding recent
clinical practice developments such as the introduction of the ro-
tavirus vaccine into the UK childhood immunisation schedule in
2013. Therefore an up-to-date assessment is warranted. 
To our knowledge, longitudinal methods have not been utilised
to explore inequalities in hospitalisations for IID in a UK context,
however these methods, whilst observational, provide better in-
sights into temporal dynamics compared to cross-sectional analy-
ses. 17 In this study, we use longitudinal methods to investigate the
relationship between trends in neighbourhood deprivation (mea-
sured using local unemployment prevalence data) and trends in
emergency hospitalisations for IID, as well as examining other po-
tential neighbourhood-level predictors of IID admissions, such as
primary and secondary care access, ethnic composition and under-
lying morbidity. Analyses are stratified by age to explore the po-
tential modifying effect of age on the relationships. 
Methods 
Study design and setting 
We performed a longitudinal ecological analysis using data
collected between 2012 and 2017, across Lower-layer Super Out-
put Areas (LSOAs) in England. LSOAs (subsequently referred to as
neighbourhoods) are small geographical areas used by the UK’s Of-
fice for National Statistics (ONS), each containing a population ofPlease cite this article as: T.C. Rose, N.L. Adams and M. Whitehead et 
predictors of emergency hospitalisation for infectious intestinal disease
https://doi.org/10.1016/j.jinf.2020.08.048 etween 10 0 0 and 30 0 0 people. 18 We analysed data from 2012 to
7 because covariate data were only available for this time period. 
ata sources and measures 
We used Hospital Episode Statistics (HES) to derive our out-
ome: emergency hospital admissions for IID as a primary diag-
osis (ICD-10 codes: A00–A09 intestinal infectious diseases, and
52.9 unspecified non-infective gastroenteritis and colitis). Emer-
ency admissions and ONS population estimates were derived for
ach neighbourhood, per year from 2012 to 17, for three age groups
0–14; 15–64; 65 + years). 19 , 20 The primary exposure of inter-
st was the annual unemployment prevalence per neighbourhood,
sed as a time varying measure of area deprivation. This was mea-
ured as the percentage of people aged 16–64 years claiming Job-
eeker’s Allowance or Universal Credit principally for the reason
f being unemployed. This definition differs from the definition of
nemployment specified by the International Labour Organisation,
hich is not available at small neighbourhood levels. 21 Our mea-
ure of unemployment, as described above, is the only measure
f socioeconomic conditions that is available annually for small
eighbourhoods in England. Other measures such as the Index of
ultiple Deprivation (IMD) are only available for snapshots in time
nd these cannot be compared over time. 22 Whilst our measure of
nemployment directly relates to people of working age, in this
nalysis it is used as a general measure of trends in socioeconomic
eprivation in each neighbourhood. 
Several covariates were included in the analysis. Time-varying
ovariates related to primary care access included the number of
eneral practitioners (GPs) per capita serving the population (de-
ived from NHS Digital data); and the proportion of the popula-
ion who would describe their experience of making an appoint-
ent as poor (derived from General Practice Patient Survey [GPPS]
ata). Previous studies have found that the GPPS measure of expe-
ience of making an appointment is strongly associated with mea-
ures relevant to patients’ self-reported access to services, i.e. the
bility to get an appointment, appointment convenience, ease of
elephone contact and helpfulness of receptionists. 23 
We also included a measure of secondary care access, which
as the average road network distance to the nearest hospital
ith an Accident and Emergency (A&E) department. Data from the
011 Census were used to derive time-invariant covariates relating
o the proportion of different ethnic groups, and the age-specific
revalence of long-term health problems per neighbourhood. A full
escription of the measures and data sources can be found in the
upplementary file. 
tatistical analysis 
We used mixed-effect Poisson regression models to investi-
ate the association between annual changes in unemployment
nd changes in emergency IID hospitalisations between neighbour-
oods, from 2012 to 17, whilst controlling for measures of primary
nd secondary care access, underlying morbidity and the ethnic
omposition of each neighbourhood. Numbers of emergency ad-
issions were modelled using the log of the population as an ‘off-
et’ variable, indicating the maximum number of admissions that
ould have occurred. We also included in the model an annual
ime-trend term and a random intercept for each neighbourhood
o account for the longitudinal nature of the data (see Supple-
entary file for full details of the statistical model). Analyses were
onducted for three age groups (0–14; 15–64; 65 + years), using R
version 3.6.0) and Stata (version 14). al., Neighbourhood unemployment and other socio-demographic 
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Fig. 1. Emergency IID hospital admission rates for English neighbourhoods by age group, 2012–17. 
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We repeated the analysis using a different definition of IID that
xcluded ICD-10 codes K52.9 and A09.9 (gastroenteritis and colitis
f unspecified origin). This definition of IID was more specific, but
as probably less sensitive, given that possible cases of IID were
ikely excluded. We also repeated our analyses using mixed-effect
egative binomial models which would account for any overdis-
ersion within the data. Additionally, using data collected over a
onger time period (2005–17) we investigated the association be-
ween changes in unemployment and changes in emergency IID
dmission rates within neighbourhoods using fixed-effect Poisson
odels. These models include a fixed effect for each neighbour-
ood, and thereby indicate the relationship between unemploy-
ent trends within neighbourhoods and trends in IID admissions
hilst controlling for all time-invariant differences between neigh-
ourhoods. 24 
esults 
In total, 32,829 English neighbourhoods had available data from
012 to 17, giving a total sample size of 196,974 LSOA-years for
ach age group. Fig. 1 shows the trends in emergency IID admis-
ion rates for three age groups between 2012 and 2017. 
Prior to 2014, emergency IID admission rates were highest
mongst children, followed by adults aged 65 + years, and adults
ged 15–64 years ( Fig. 1 ). For children, there was a stepwise 25%
eduction in admission rates between 2013 and 2014 coinciding
ith the introduction of the rotavirus vaccine and rates remained
table for other years. For older adults aged 65 + years there was
 fairly constant decline in emergency IID admission rates over the
ime period from 2012 to 17 (a 15% reduction), whilst for adults
ged 15–64 years the rate remained fairly constant at just over
00 per 10 0,0 0 0. Unemployment prevalence decreased from 3.7%
n 2012 to 1.8% in 2015, and remained stable for other years (see
upplementary file for annual emergency admission rates, unem-
loyment prevalence and other characteristics of English neigh-
ourhoods). 
Results from the regression analysis showed that increasing
rends in neighbourhood unemployment were associated with in-Please cite this article as: T.C. Rose, N.L. Adams and M. Whitehead et 
predictors of emergency hospitalisation for infectious intestinal disease
https://doi.org/10.1016/j.jinf.2020.08.048 reasing trends in emergency IID admission rates, for all age
roups ( Tables 1–4 ). In univariate analysis, every 1 percentage
oint increase in unemployment was associated with a 6.5, 8.5 and
% increase in the rate of emergency IID admissions per year for
hildren, adults and older adults, respectively. 
Following adjustment for measures of primary and secondary
are access, underlying morbidity and ethnic composition, the
agnitudes of these associations were attenuated but remained
tatistically significant ( Tables 2–4 ). Each 1 percentage point in-
rease in unemployment was associated with a 6.3, 2.4 and 4% in-
rease in the rate of emergency IID admissions per year for chil-
ren [IRR = 1.06, 95%CI 1.06 to 1.07], adults [IRR = 1.02, 95%CI 1.02
o 1.03] and older adults [IRR = 1.04, 95%CI 1.036 to 1.043], respec-
ively. This is approximately equivalent to an additional 2356, 922
nd 1464 emergency admissions per year for children, adults and
lder adults, respectively, in England, for every 1 percentage point
ncrease in unemployment. 
For all age groups, the increasing prevalence of long-term
ealth problems was associated with increasing emergency IID ad-
ission rates. The effects of ethnicity appeared to vary by age
roup, with one exception: as the percentage of people from a Pak-
stani ethnic background increased in a neighbourhood, emergency
ID admission rates for all age groups increased. 
In terms of primary care access, increasing trends in the per-
entage of the population who would describe their experience
f making a GP/nurse appointment as poor, were associated with
ncreasing trends in emergency IID admission rates for all age
roups. Increasing trends in GPs per capita were associated with
ecreasing trends in emergency IID admission rates for children,
nd increasing trends for adults aged 15–64 years. In terms of
econdary care access, neighbourhoods situated closer to hospitals
ith A&E departments were associated with higher emergency IID
dmission rates for all age groups. 
obustness tests 
We found similar results when repeating the analyses using
ixed-effect negative binomial models and using a more spe-
ific definition of IID (Supplementary file). Fixed-effect Poisson
odels, which control for all time-invariant unobserved differ-al., Neighbourhood unemployment and other socio-demographic 
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Table 1 
Univariate Poisson regression models showing the effect of change in unemployment on change in emergency IID admissions per 10 0,0 0 0 population, for English neighbour- 
hoods, stratified by age group, 2012–2017. 
Children aged 0–14 years Adults aged 15–64 years Adults aged 65 + years 
IRR Lower 95% CI Upper 95% CI IRR Lower 95% CI Upper 95% CI IRR Lower 95% CI Upper 95% CI 
Working age population unemployed (%) 1.065 1.062 1.068 1.085 1.082 1.088 1.09 1.086 1.093 
Models include random intercept for LSOA, and fixed effects for year (full model results are given in Supplementary file). 
Models based on 196,974 observations. 
CI = confidence interval; IID = infectious intestinal disease; IRR = incident rate ratio; LSOA = Lower-layer Super Output Area. 
Table 2 
Multivariable Poisson regression model for emergency IID admissions per 10 0,0 0 0 children aged 0–14 years, for English neighbourhoods, 2012–2017. 
IRR p-value Lower 95% CI Upper 95% CI 
Working age population unemployed (%) 1.063 < 0.001 1.059 1.066 
Prevalence long-term health problems, children aged 0–14 years (%) 1.042 < 0.001 1.037 1.047 
Population who would describe their experience of making a GP/nurse appointment as poor (%) 1.002 0.001 1.001 1.003 
GPs per 1000 population 0.926 0.011 0.874 0.983 
Travelling distance to hospital (km) 0.995 < 0.001 0.994 0.996 
Ethnic group: Black (%) 0.984 < 0.001 0.983 0.986 
Ethnic group: Chinese (%) 0.977 < 0.001 0.969 0.986 
Ethnic group: Bangladeshi (%) 0.991 < 0.001 0.989 0.994 
Ethnic group: Indian (%) 0.998 0.004 0.997 0.999 
Ethnic group: Pakistani (%) 1.01 < 0.001 1.009 1.011 
Model includes random intercept for LSOA, and fixed effects for year (full model results are given in Supplementary file). 
Model based on 196,974 observations. 
CI = confidence interval; GP = general practitioner; IID = infectious intestinal disease; IRR = incident rate ratio; km = kilometre; LSOA = Lower-layer Super Output Area. 
Table 3 
Multivariable Poisson regression model for emergency IID admissions per 10 0,0 0 0 adults aged 15–64 years, for English neighbourhoods, 2012–2017. 
IRR p-value Lower 95% CI Upper 95% CI 
Working age population unemployed (%) 1.024 < 0.001 1.021 1.028 
Prevalence long-term health problems, adults aged 15–64 years (%) 1.041 < 0.001 1.039 1.043 
Population who would describe their experience of making a GP/nurse appointment as poor (%) 1.004 < 0.001 1.003 1.005 
GPs per 1000 population 1.106 < 0.001 1.053 1.163 
Travelling distance to hospital (km) 0.994 < 0.001 0.993 0.995 
Ethnic group: Black (%) 1 0.778 0.999 1.001 
Ethnic group: Chinese (%) 0.987 < 0.001 0.983 0.991 
Ethnic group: Bangladeshi (%) 0.996 < 0.001 0.995 0.998 
Ethnic group: Indian (%) 1.003 < 0.001 1.002 1.004 
Ethnic group: Pakistani (%) 1.003 < 0.001 1.003 1.004 
Model includes random intercept for LSOA, and fixed effects for year (full model results are given in Supplementary file). 
Model based on 196,974 observations. 
CI = confidence interval; GP = general practitioner; IID = infectious intestinal disease; IRR = incident rate ratio; km = kilometre; LSOA = Lower-layer Super Output Area. 
Table 4 
Multivariable Poisson regression model for emergency IID admissions per 10 0,0 0 0 adults aged 65 + years, for English neighbourhoods, 2012–2017. 
IRR p-value Lower 95% CI Upper 95% CI 
Working age population unemployed (%) 1.04 < 0.001 1.036 1.043 
Prevalence long-term health problems, adults aged 65 + years (%) 1.014 < 0.001 1.013 1.015 
Population who would describe their experience of making a GP/nurse appointment as poor (%) 1.005 < 0.001 1.004 1.006 
GPs per 1000 population 1.015 0.603 0.959 1.074 
Travelling distance to hospital (km) 0.99 < 0.001 0.989 0.991 
Ethnic group: Black (%) 1.003 < 0.001 1.002 1.004 
Ethnic group: Chinese (%) 1.025 < 0.001 1.019 1.031 
Ethnic group: Bangladeshi (%) 1.001 0.298 0.999 1.003 
Ethnic group: Indian (%) 1 0.493 0.999 1.001 
Ethnic group: Pakistani (%) 1.003 < 0.001 1.002 1.004 
Model includes random intercept for LSOA, and fixed effects for year (full model results are given in Supplementary file). 
Model based on 196,974 observations. 
CI = confidence interval; GP = general practitioner; IID = infectious intestinal disease; IRR = incident rate ratio; km = kilometre; LSOA = Lower-layer Super Output Area. 
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[ences between neighbourhoods, also showed that increasing trends
in neighbourhood unemployment were associated with increas-
ing trends in emergency IID admission rates over a longer time
period (2005–17), for all age groups (Supplementary file). These
models however indicated a slightly smaller effect indicating thatPlease cite this article as: T.C. Rose, N.L. Adams and M. Whitehead et 
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ted with a 1.7, 1.8 and 1.0% increase in the rate of emergency
ID admissions per year for children [IRR = 1.017, 95%CI 1.013 to
.021], adults [IRR = 1.018, 95%CI 1.014 to 1.022] and older adults
IRR = 1.010, 95%CI 1.006 to 1.014], respectively. al., Neighbourhood unemployment and other socio-demographic 
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This longitudinal analysis of English neighbourhoods found that
ncreasing trends in neighbourhood unemployment were associ-
ted with increasing trends in emergency infectious intestinal dis-
ase admission rates, for children, adults and older adults, despite
ontrolling for factors such as ethnicity, underlying morbidity, trav-
lling distance to hospital and experience of making a primary care
ppointment. Adjusting for these covariates attenuated much of
he association between trends in neighbourhood unemployment
nd trends in emergency IID admission rates for adults, but not
or children. Robustness tests using fixed-effect models produced
ffect estimates that were smaller in magnitude, suggesting that
ome of the association from the main analysis could be due to
esidual confounding, but that there appears to be an association
etween trends in unemployment and emergency IID admission
ates even when all time-invariant unobserved confounders are
ontrolled for. 
Some 13–16 but not all 25 previous UK-based studies have ob-
erved social gradients in IID-related hospital admissions. The
ajority of these studies have focused on paediatric popula-
ions 13 , 15 , 25 or those of all ages combined, 16 and only one has
nvestigated inequalities in IID admissions amongst adults specif-
cally. 14 This previous study, conducted using data from 1990 to
5, included admissions where IID was recorded as a primary
r secondary diagnosis, and found inequalities in admission rates
etween the most and least deprived neighbourhoods for both
hildren and adults in the West Midlands region of England. 14 
ur study adds to the evidence base by using the most recent
ata available across England and robust longitudinal methods,
o demonstrate a relationship between socioeconomic trends and
rends in emergency IID admission rates within neighbourhoods
ver time. 
Socially disadvantaged people tend to present to healthcare ser-
ices more often, because they experience a greater burden of dis-
ase, 26 however in terms of IID, some UK-based evidence suggests
hat there may not be significant inequalities in IID incidence in
he community. 9 This points to alternative explanations for the so-
ial gradients in emergency IID admission rates that have been ob-
erved – for example inequalities in disease severity. Our analysis
f the UK-based IID2 study found that disadvantaged children and
dults tend to experience greater levels of IID severity in terms of
he symptoms they experience and the duration of these symp-
oms. 12 Other studies analysing survey data have found that IID
everity is strongly predictive of GP presentation for IID, with cases
xperiencing severe illness having 12 times the odds of present-
ng to their GP compared to those with mild illness. 11 Inequalities
n disease severity may therefore contribute to a greater need for
ealthcare amongst more disadvantaged communities. Other hypo-
hetical explanations for our findings could relate to ‘pro-poor’ bi-
ses in GP referral practices or decisions to admit, or differences
n decision thresholds for seeking medical advice between socioe-
onomic groups. Further research is needed, especially qualitative
esearch, 27 to increase understanding of the mechanisms that ex-
lain the inequalities observed. 
Our study also adds to the evidence base by revealing insights
bout other predictive factors of emergency IID admissions. For ex-
mple, the age-specific prevalence of long-term health problems
as included in our models as a measure of underlying morbid-
ty and was independently associated with increasing emergency
ID admission rates for all age groups. There are several common
hronic conditions that can result in secondary immunodeficiency
r require immune suppressing treatments/medications or acid-
uppression medications, and as such these conditions may in-
rease susceptibility to and severity of IID. 28 , 29 As would be ex-
ected, the prevalence of long-term health problems for adultsPlease cite this article as: T.C. Rose, N.L. Adams and M. Whitehead et 
predictors of emergency hospitalisation for infectious intestinal disease
https://doi.org/10.1016/j.jinf.2020.08.048 ompared to children was more closely correlated with unemploy-
ent prevalence (see Supplementary file, correlation matrix), and
hus may have explained more of the association between trends
n unemployment and IID admissions amongst adults. 
We also explored whether measures of primary care access
ere associated with IID admission rates, since in most cases hos-
italisation for IID can be avoided through early intervention and
ffective management. 7 Our results suggest that emergency IID ad-
ission rates for all age groups increase, when people in general
eport poor experiences when making primary care appointments.
revious studies have also found associations between poor ex-
eriences of making appointments and higher rates of all-cause
&E visits and emergency admissions. 30 In other studies, GP con-
inuity has been associated with lower rates of unplanned hospi-
al admissions for dehydration and gastroenteritis. 16 Strategies to
educe emergency IID admissions may therefore wish to address
odifiable primary care factors such as these. On the other hand,
e found that increasing trends in GPs per capita were associ-
ted with decreasing trends in emergency IID admission rates for
hildren, but increasing trends for adults aged 15–64 years. Mixed
ndings have also been observed by studies that have investigated
he association between GP supply and all-cause emergency ad-
issions. 31 
In terms of secondary care access, our results suggest that
mergency IID admission rates for all age groups are higher
hen people have a shorter travelling distance to get to a hos-
ital with an A&E department. Previous studies have found sim-
lar relationships between closer residential proximity to hospi-
als and higher all-cause or disease-specific emergency admis-
ion rates. 16 , 32 , 33 Some studies have expressed uncertainty about
hether residents who live in closer proximity to A&E services
ave higher emergency admission rates in general because they
nd it easier to access these services or because of wider factors
elating to access and quality of primary care. 34 , 35 In this analysis,
owever, we were able to observe an association between distance
o hospital and IID admission rates whilst controlling for measures
f primary care access. 
Finally, age appeared to modify the relationship between
thnicity and emergency IID admission rates. Neighbourhoods
hat had a greater proportion of residents from Black, Chinese,
angladeshi and Indian backgrounds, had lower admission rates
or children, however the direction of these associations tended to
e reversed for older adults. There was one exception however: as
he percentage of people from a Pakistani ethnic background in-
reased in a neighbourhood, emergency IID admission rates for all
ge groups increased. A previous UK-based study, which analysed
hose of all ages combined, found that Pakistani communities had
n increased risk of laboratory-confirmed Campylobacter infection
ompared to White communities, whilst Black and Indian commu-
ities had a decreased risk. 36 Further research is needed to shed
ight on the reasons for these findings. 
trengths and limitations 
Our analysis shows for the first time in the UK, that trends over
ime in neighbourhood unemployment are associated with trends
n emergency IID admission rates for children and adults. We per-
ormed a comprehensive analysis of all emergency hospital admis-
ions for IID in England over a six year period, and as such it can
e assumed that our results are generalisable to the English pop-
lation. A number of robustness tests confirmed our results, using
ifferent types of models and a more specific definition of IID. 
There are limitations, however, that should be considered when
nterpreting the results. Firstly, information on repeat admissions
y the same individual and hospital identifiers were not available
ithin the dataset, which precluded the investigation of clusteringal., Neighbourhood unemployment and other socio-demographic 
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 at the individual and hospital level. It is not known to what extent
these factors may have influenced the results of the study. How-
ever our previous studies investigating inequalities in the risks and
consequences of IID using individual-level data have found that in-
equalities, where present, persist even after accounting for recur-
rent IID. 9 12 
In terms of study design, methodological limitations of eco-
logical studies can include ecological bias whereby associations
present at the group-level are not apparent at the individual-
level, possibly due to unmeasured confounding or measurement
error. 37 Nonetheless, data were aggregated to relatively small ar-
eas (LSOAs containing 10 0 0 to 30 0 0 people) which likely limited
the effects of ecological bias. Additionally, because ecological stud-
ies are able to capture risk factors and exposures that operate at
the community-level, 38 it could be argued that ecological studies
are in fact more appropriate for the study of infectious diseases
compared to individual-level studies. Individual-level studies may
however be best placed to examine some of the associations ob-
served in this study in greater depth. 
In conclusion, the findings from this study indicate that emer-
gency IID hospitalisation (a severe consequence of having an IID)
disproportionately affects disadvantaged communities. Given that
most hospital admissions for IID are considered to be preventable,
the findings from this study are particularly disconcerting. Un-
planned admission to hospital can be distressing and disruptive
for patients and families, 39 , 40 and can incur costs such as loss of
employment opportunities/income which might have more damag-
ing effects for those in lower social positions who have less finan-
cial cushioning. 41 Reducing emergency IID hospital admission rates
experienced by the most disadvantaged to levels experienced by
the least, should be an important goal for any levelling-up policy
or intervention designed to improve equity in health. 42 Policies to
improve primary care access have potential to reduce emergency
IID admission rates, however the results of this study suggest that
due consideration should be afforded to ensuring that these poli-
cies adequately address inequalities in IID admissions. 
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